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(57) Abstract 


The invention relates to a hemostatic sponge based on collagen and an activator or proactivator of blood coagulation homogeneously 
distributed therein, which is dried and contains a water content of at least 2 %, preferably in the range of 2 to 25 %, more preferred 10 to 
20 %. and a method for producing this sponge. 


FOR THE PURPOSES OF INFORMATION ONLY 


Codes used to identify States party to the PCT on the front pages of pamphlets publishing intcmational applications under the PCT. 


AL 

A^anta 

BS 

Spain 

AM 

Armeaia 

FI 

Finland 

AT 

Austria 

FK 

France 

AU 

Australia 

GA 

Gabon 

AZ 

Azerbaijan 

GB 

United Kingdom 

BA 

Bosnia and Hen^s°^* 

GE 

Georgia 

BB 

Baitados 

GH 

Ghana 

BE 

Belgium 

GN 

Guinea 

BF 

BuAina Faso 

GR 

Greece 

BG 

Bulgaria 

HU 

Hungary 

Hi 

Benin 

IE 

Ireland 

BR 

Biazfl 

IL 

Israel 

BY 

Belaim 

IS 

Iceland 

CA 

Canada 

rr 

Italy 

CF 

Central African Republic 

jp 

Japan 

CG 

Congo 

KE 

Kenya 

CH 

Switzerland 

KG 

Kyrgyzsian ' 

CI 

Cdce d'lvoire 

KP 

DeiDOcraiic People's 

CM 

CainerooD 


Rcpobtic of Korea 

CN 

China 

KR 

R^ablic of Korea 

CU 

Cuba 

KZ 

Kazakitan 

CZ 

Czech Republic 

LC 

Saint Lucia 

DE 

Germany 

U 

Liechtenstein 

DK 

Denmark 

LK 

Sri Lanka 

EE 

Estonia 

LR 

Ubeiia 


LS 

Lesotho 

51 

Slovenia 

LT 

Lithuania 

SK 

Slovakia 

LU 

Luxembourg 

SN 

Senegal 

LV 

Latvia 

sz 

Swaziland 

MC 

Monaco 

TD 

Chad 

MD 

Republic of Moldova 

TG 

Togo 

MG 

Madagascar 

TJ 

Tiyikistan 

MK 

The fionner Yugoslav 

TM 

Turkmenistan 


Republic of Macedonia 

TR 

Turkey 

ML 

Mali 

TT 

Trinidad and Tobago 

MN 

Mongolia 

UA 

Ukraine 

MR 

Mauritania 

UG 

Uganda 

MW 

Malawi 

us 

United States of America 

MX 

Mexico 

uz 

Uzbekiiun 

NE 

Niger 

VN 

Viet Nam 

NL 

Netherlands 

vu 

Yt^lavia 

NO 

Norway 

zw 

Zimbabwe 

NZ 

New Zealand 



PL 

Poland 



PT 

Portugal 



RO 

Romania 



RU 

Russian Federatkm 



SD 

Sudan 



SE 

Sweden 



SG 

Singapore 




wo 97/37694 PCr/EP97y01662 

- 1 - 

Hemost:at:ic sponge based on collagen 

The invention is related to a hemostatic sponge based on 
collagen and thrombin and a method for producing such a sponge 
as well as a wound coverage containing said sponge and a kit for 
preparing the wound coverage. 

Biological glues based on coagulation factors of human or animal 
origin have long been known. A method for producing tissue 
adhesives based on fibrinogen an factor XIII has been described 
in US 4,362,567, US 4,298,598 and US 4,377,572. The tissue 
adhesives are usually applied together with a separate component 
containing thrombin, which is enzymatically acting on fibrinogen 
to form fibrin, and on factor XIII to form the active factor XII 
la, which cross-links the fibrin to obtain a stable fibrin clot. 

When applied to a large hemorrhaging area the tissue adhesives 
are usually applied on a collagen sheet before covering the 
wound with the sheet. 

In US 4,600,574 a tissue adhesive based on collagen combined 
with fibrinogen and factor XIII is described. This material is 
provided in the lyophilized form, ready for use. The fibrinogen 
and factor XIII are combined with the collagen by impregnating 
the collageneous flat material with a solution comprising 
fibrinogen and factor XIII, and lydphilizing said material. 

The tissue sealing collagenic surgical dressing according to 
EP 0 049 469 is similarly prepared by combining collagen and 
fibrinogen and optionally an antibiotic through lyophilization. 

Hemostatic sponges which are composed of natural bovine collagen 
are commercially available, e.g. Colgen® (IMMUNO AG), as wound 
coverage for a bleeding site. These products act on the 
intrinsic and extrinsic hemostatic pathways without forming a 
glue, which makes them rather slow-acting. However, their solid 
structure gives them mechanical strength. 

When collagen is combined with fibrinogen and thrombin, such as 
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described in EP 0 059 265, the material has to be carefully 
prepared by avoiding any water content. In the presence of 
minute amounts of water fibrinogen will be converted to fibrin 
and the material will no more be suitable for tissue sealing. 
Therefore/ such a material is usually provided in a lyophilized 
form hematically packed together with a desiccant. 

When fibrinogen in a hemostatic sponge is avoided thrombin or a 
precursor therefore can be absorbed on a porous structure of 
biologically absorbable collagen according to WO 90/13320. This 
material is having a total water content of below 50% w/w. It is 
prepared by injecting an aqueous solution of thrombin or a 
precursor therefore together with thrombin stabilizing agents 
into the solid material at several sites. The thrombin 
stabilizing agents are preferably amino acids, PEG or poly- 
saccharides. The relatively high water content results from the 
injection of the thrombin solution into the collagen sponge. 
Although the sponge can be dried at elevated temperatures, the 
drying is only moderate because of the risk of denaturation of 
the thrombin and collagen - 

Due to the application of thrombin by injection, the 
distribution of thrombin in the sponge is highly inhomogenous 
which reduces the reproducibility and reliability of the wound 
coverage . 

A homogeneous mixture of dispersible or soluble collagen with 
thrombin is prepared according to US 4 515 637. The solution is 
then freeze-dried and rendered free of moisture yielding a 
storage-stable product. Although the dry collageneous sponges 
have high mechanic strength they turned out to be rather 
inflexible and thus could break when used by the surgeon. 
However, the drying to an absolutely moisture- free product was 
seen as essential for avoiding stability problems with thrombin. 

The alternative use of a hemostatic collagen paste composition 
comprising an aqueous solution of thrombin is described in 
EP 0 372 966. This paste is packed in a squeeze tube or syringe 
package. The paste is however difficult to use for stopping 
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bleeding in a large hemorrhaging area. 

When material of human or animal origin is applied to a patient 
there is a risk of transmitting pathogenic substances originated 
from the source material. Thrombin is usually derived from human 
or animal blood plasma carrying the risk of transmitting blood- 
born viruses, such as AIDS- virus, hepatitis virus and parvoirus. 
Therefore, measures are taken to inactivate any virus 
potentially present in plasma fractions, such as thrombin 
preparations. EP 0 541 507 describes a method for producing a 
virus- safe thrombin preparation derived from a human blood 
plasma fraction. 

Collagen is usually treated by beta- or gamma- irradiation 
besides pretreating the collageneous source material with high 
concentrations of alkaline. These are common measures for 
inactivating any virus or prion potentially present in the 
source material. 

A commercially available product, TachoComb®, which is produced 
by a method according to EP 0 059 265 is treated by gamma- 
irradiation after packing the prepared sheet. It turned out, 
that the irradiation treatment destroys the nativity of the 
fibrinogen. Denatured fibrinogen is hardly clottable. Therefore, 
this material is less effective than an in situ prepared 
combination of collagen and a tissue adhesive based on 
fibrinogen, which components are provided as a kit which is 
easily treated for virus inactivation separately. 

It is the object of the present invention to provide a ready for 
use compress sponge containing resorbable collagen material, 
which does not have the above described disadvantages, 
especially with regard to the flexibility and mechanic stability 
of the material. 

There is provided, according to the invention, a hemostatic 
sponge based on collagen and an activator or proactivator of 
blood coagulation homogeneously distributed therein. This sponge 
is provided in a dry form, which could be air-dried or 
lyophilized. However, it still contains a water content of at 
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least 2%, preferably in the range of 2 to 25%. It is especially 
preferred that the water content is in the range between 10 and 
20% in order to improve the storage stability at elevated 
temperatures • 

It surprisingly turned out that the definite water content makes 
the sponge flexible, though maintaining its physico-chemical 
structure and mechanical strength. 

It is also important to have the thrombin or a precursor of 
thrombin evenly distributed in the material in order to prevent 
local instability or hypercoagulability of the material. Despite 
of the water content the thrombin activity is surprisingly 
stable, probably because of the intimate contact of thrombin and 
collagen in the homogeneous mixture. 

Nevertheless, thrombin stabilizers preferably selected from the 
group consisting of a polyol, a polysaccharide, a polyalkylene 
glycol, amino acids or mixtures thereof might be used according 
to the invention. The exemplary use of sorbitol, glycerol, poly- 
ethylene glycol, polypropylene glycol, mono- or disaccharides 
such as glucose or saccharose or any sugar or sulfonated amino 
acid capable of stabilizing thrombin activity is preferred. 

The sponge is provided as a storage stable solid product, which 
is useful even after a storage of 6 months, preferable 2 years 
or even more years at room temperature . 

Thrombin or the precursor of thrombin is understood as a protein 
that has thrombin activity and that induces thrombin activity 
when it is contacted with blood or after application to the 
patient, respectively. Its activity is expressed as thrombin 
activity (NIH-Unit) or thrombin equivalent activity developing 
the corresponding NIH-Unit. In the following thrombin activity 
is understood to comprise both, the activity of thrombin or any 
equivalent activity. A protein with thrombin activity might be 
selected from the group consisting of alpha- thrombin, meizo- 
thrombin, a thrombin derivative or a recombinant thrombin. 
suitable precursor is possibly selected from the group 
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consisting of: prothrombin, factor Xa optionally together with 
phospholipids, factor IXa, activated prothrombin complex, FEIBA, 
any activator or a proactivator of the intrinsic or extrinsic 
coagulation, or mixtures thereof. 

The hemostatic sponge according to the invention might be used 
together with further physiologic substances. For example, the 
sponge preferably further comprises pharmacologically active 
substances, among them antif ibrinolytics, such as a plasminogen- 
activator-inhibitor or a plasmin inhibitor or an inactivator of 
fibrinolytics. A preferred antif ibrinolytic is selected from the 
group consisting of aprotinin or an aprotinin derivative, alpha- 
2-macroglobulin, an inhibitor or inactivator of protein C or 
activated protein C, a substrate mimic binding to plasmin that 
acts competitively with natural substrates, and an antibody 
inhibiting fibrinolytic activity. 

As a further pharmacologically active substance an antibiotic, 
such as an antibacterial or antimycotic might be used together 
with the sponge according to the invention, preferably as a 
component homogeneously distributed in the sponge. Further 
combinations are preferred with specific enzymes or enzyme 
inhibitors, which may regulate, i.e. accelerate or inhibit, the 
resorption of the sponge. Among those are collagenase, its 
enhancers or inhibitors. Also, a suitable preservative may be 
used together with the sponge or may be contained in the sponge. 

Although a preferred embodiment relates to the use of the 
collagen sponge which contains the activator or proactivator of 
blood coagulation as the only active component, further 
substances that influence the velocity of blood coagulation, 
hemostasis and quality of the sealing, such as tensile strength, 
inner (adhesive) strength and durability might be comprised. 
Procoagulants that enhance or improve the intrinsic or extrinsic 
coagulation, such as factors or cofactors of blood coagulation, 
factor XIII, tissue factor, prothrombin complex, activated 
prothrombin complex, or parts of the complexes, a prothrombinase 
complex, phospholipids and calcium ions, might be used. In case 
of a surgical procedure where a precise sealing is needed, it 
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might be preferable to prolong the working period after the 
hemostatic sponge is applied to the patient and before clotting 
is effected. The prolongation of the clotting reaction will be 
ensured, if the sponge according to the invention further 
comprises inhibitors of blood coagulation in appropriate 
amounts. Inhibitors, such as antithrombin III optionally 
together with heparin, or any other serine protease inhibitor, 
are preferred - 

The collagen of the sponge according to the invention is 
preferably of animal origin, preferably bovine or equine. 
However, also human collagen might be used in case of a hyper- 
sensitivity of the patient towards xenogenic proteins. The 
further components of the sponge are preferably of human origin, 
which makes the sponge suitable especially for the application 
to a human. 

The medical field of indications for the sponge according to the 
invention is rather broad. The sponge not only can be used for 
stopping bleeding in very large hemorrhaging areas with a high 
blood pressure, but also for stopping oozing bleeding. The 
following internal or external surgical procedures are 
successfully carried out using the hemostatic sponge according 
to the invention: general surgery, for instance surgery of 
parenchymatous organs (liver, kidney, spleen, etc.), 
cardiovascular surgery, thoracic surgery, transplantation 
surgery, orthopedic surgery, bone surgery, plastic surgery, ear, 
nose and throat surgery, neurosurgery, surgery in urology and 
gynecology as well as haemostasis, such as in wound treatment. 

The sponge might be provided in the form of a compress. In spite 
of the water content of the hemostatic sponge, it is capable of 
absorbing an extended amount of blood when applied to a wound. 
With the introduction of autologous or heterologous blood, 
fibrinogen or blood derivatives the blood coagulation is 
initiated and fibrin is formed to stop bleeding and seal the 
wound . 

Moreover, the sponge according to the invention can be applied 
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together with a fibrinogen preparation to the wound. Therefore, 
a kit is also provided to prepare a sponge or wound coverage 
before or directly in the course of during the application to 
the wound. The kit comprises besides the sponge at least a 
fibrinogen component, preferably in a storage stable form. The 
fibrinogen could be in the form of a fibrin sealant, such as a 
commercial product of a tissue adhesive based on fibrinogen, 
e.g. TISSEEL® (IMMUNO AG), Also, the further pharmacologically 
active substances, like mentioned above could be incorporated in 
the kit either in one or more components of the kit or as a 
separate component . 

It has turned out, that the sponge preferably is characterized 
by a thickness of at least 3 mm, at least 5 mm up to 20 mm, 
depending on the indication. When the relatively thick flexible 
sponge is applied to a wound it is important that blood and 
fibrinogen can be absorbed throughout the sponge before fibrin 
is formed that might act as a barrier for the absorption of 
further wound secret. Therefore, the sponge according to the 
invention preferably contains a definite thrombin activity that 
ensures both the absorption of body liquid throughout the sponge 
and a fast acting effective sealing of the wound. It has proven, 
that 1000 - 10.000, preferably 5000 - 8000 Units/g are necessary 
for the effective hemostasis and treatment of wounds. 

The preferred pH of the sponge according to the invention is in 
the range of 6 to 8. When a neutral pH is adjusted in a 
collageneous solution or gel there is the problem of collagen 
precipitation, which results in the formation of collagen 
fibers. It is not possible anymore to achieve an absolutely 
homogenous distribution of thrombin in the collagen-material in 
a suspension wherein collagen fibers have been foirmed. Thus, in 
order to obtain a homogeneous distribution of the activator or 
proactivator of blood coagulation one had to overcome the 
problem of fiber formation. The homogenous mixture is provived 
only when collagen remains in a soluble or gel date and 
optionally lyophilized or air-dried being in a gel state. 

The inventive method of producing a sponge according to the 
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invention comprises the acidification of a collageneous raw 
material to obtain a collagenic gel, wherein the collagen is 
provided in the dissolved state. The acidified material has a pH 
in the range of 1.5 to 4, preferably 2 to 2.5. It is preferred 
to use a weak acid, such as citric acid, for acidification. It 
surprisingly turned out, that the gel state is maintained 
without fiber formation even after neutralization, when a 
rigorous temperature control is applied at between 1 and 8**C, 
preferably 2 to 5'C. This low temperature prevents the 
precipitation of collagen, but must be maintained throughout all 
the stages of preparing the sponge before drying or lyophili- 
zation. The further components of the sponge can be admixed to 
obtain the homogeneous distribution either before or after the 
neutralization. The neutralization is carried out preferably by 
adding an alkali solution, such as NaOH or Ca{OH)^. 

A critical measure is the drying or lyophilization of the 
product, because a definite water content is needed at last. 
Preferably, the sponge can either be air-dried or lyophilized 
during a relatively short period, which provides for a residual 
water content in the above described range. An alternative 
procedure comprises the lyophilization to obtain a dry sponge, 
which is then moisturized by adding water or by a prolonged 
incubation in a medium with a relative humidity of more than 80% 
up to 100%. To facilitate the drying or lyophilization process 
it is preferred to incorporate a hydrophilic substance that is 
capable of retaining the specific water content after 
considerate and careful lyophilization or after actively 
absorbing the moisture. A preferred substance might be a polyol 
or a polysaccharide, which could also act protectively on labile 
components . 

A specific embodiment relates to the sponge together with one or 
more further hemostatic layers of different structure and/or 
composition to obtain a composite wound coverage. The further 
layer might consist essentially of collagen to enhance the 
mechanic strength of the wound coverage. Preferably, further 
materials for combination are selected from the group consisting 
of modified or cross-linked collagen, modified cellulose, such 
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as oxycellulose, human tissue and vicryl (Company Ethnor), The 
resulting wound coverage is preferably totally resorbable, but 
has nevertheless a high mechanic strength. Alternatively, it 
might also contain fibrinogen provided that the fibrinogen is 
not in a direct contact with thrombin. When thrombin and 
fibrinogen is to be used in a composite wound coverage according 
to the invention, it is preferred that a further layer of 
collagen is placed between the thrombin layer and the fibrinogen 
layer. 

The wound coverage consisting of the sponge according to the 
invention and one or more further layers is preferably obtained 
by superimposing the sponge. Several hemostatic layers of a 
collagenic material might be prepared and afterwards side by 
side combined. Adherence of the layers by sequential or 
simultaneous freezing or lyophilizing, also known as co-freezing 
or co-lyophilization is preferred. Further combinations methods 
comprise cross-linking or glueing. The various layers can be 
prepared by cooling the sponge according to the invention below 
0"C, preferably between -lO'^C and -1**C, and spraying or floating 
a liquid containing the liquid which forms a superimposed or 
juxtaposed layer upon further freezing and/or lyophilizing. 

For lyophilization the mixture of collagen and further 
components is preferably brought in a definite shape whereby 
specific dimensions of a sheet are obtained. Exemplary forms are 
pads and patches, sheets, cubes, tubes, cones and fibres, which 
can be pressed or formed to the desired structure. The structure 
may comprise wholes or may be permeable to air. 

It is further preferred to use a specific collagen type selected 
from the group consisting of type I, II, III, IV, VII and X. 
Type IV is especially pef erred when human collagen is used. 
Besides native collagen fragmented or enzymatically treated 
collagen, e.g. pepsin or pectin treated collagen may be used. 

The structure and mechanic strength of the collagenic layers are 
further characterized by its concentration. It is preferred to 
prepare the sponge with a collagen concentration of 1 to 15 
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mg/cm^ , 

It is preferred to prepare the combination of collagen and blood 
coagulation factors in presence of a small quantity of collagen, 
reflected by a concentration of 1 to 2 mg/cm^. During freeze- 
drying the combination aquires then a supporting structure and 
an appearance similar to that of pure lyophilized collagen. 

The lyophilized sponge according to the present invention is 
preferably off-white colored looking like cotton wool that is 
flexible and strong. 

The air-dried sponge , mostly is quite transparent. 

For reasons of sterilization the sponge according to the 
invention is preferably sterilized by irradiation, more 
preferably after it is dried, by or Y-r*ays of the appropriate 
energy and wavelength- Besides the sponge it is also possible to 
irradiate the source material, which is the collageneous 
fraction in a solid form. The collageneous raw material may 
therefore be provided as a collagen powder, ready for 
sterilization by irradation. 

According to a specific embodiment the components of the sponge 
are treated separately to inactivate any pathogen potentially 
present, preferably using a chemical and/or physical treatment-, 
preferably a heat treatment, such as according to EP 0 159 311. 
Anyway it is preferred to additionally sterilize the prepared 
sponge by conventional means - 

The invention is further illustrated by, but is not to be 
limited to the following examples. 

Example 1: Preparation of a collagen gel 

The equalent of 1 g of dry collagen (from liquid, pasty, fibrous 
or powdery collagenous material) were dissolved in 100 ml of 
0.01 M citric acid. The mixture was shaken until a uniform and 
fluid gel was produced. The pH was adjusted to 7.2 by adding a 1 
NaOH solution, while continuously stirring at 4°C. This gel 
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contained 1 % collagen. Equally, a 0.25 % collagen gel was 
produced . 

Example 2: Preparation and lyophilization of a collagen gel 
containing thrombin 


60 ml of 1 % collagen gel obtained according to example 1 was 
mixed with 5 ml of 1000 lU/ml thrombin solution (HUMAN THROMBIN, 
IMMUNO. AG) at 4'*C- The homogenous mixture was poured onto a 10 x 
10 cm tray previously cooled to 4"C. The tray was transferred 
into the freezer compartment of a freeze dryer, previously 
cooled to 4°C. Then the freezer cycle was started down to -20°C 
and the product was freeze-dried until a 15 % water content was 
obtained . 

The product was a flexible cotton-like fleece, which was cut to 
the desired dimensions. The fleece had the following 
characteristics . 


Product I: 

Collagen: 
Thrombin : 
Dimensions: 
Thickness : 


8.55 mg/cm^ 
50 lU/cm^ 
10 X 10 
0.6 cm 


Example 3: Preparation of a wound coverage containing 
several layers 

60 ml of 1 % collagen gel obtained according to example 1 was 
poured onto a 10 x 10 cm tray previously cooled to 4°C- The tray 
was transferred into a freezer compartment of a freeze-dryer 
previously cooled to 4^0. The freezer cycle was started down to 
-5*C and the product was frozen at -5°C. 

Thereafter, 20 ml of 0.25 % collagen gel obtained according to 
example 1 was mixed with 5 ml of 1000 lU/ml thrombin solution 
(HUMAN THROMBIN, IMMUNO AG) and stirred at 4*C to obtian a 
homogenous mixture. The mixture was poured uniformly on the top 
of the frozen collagen sheet, which still laid in the tray, and 
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was previously frozen at -5"C. The tray was quickly returned 
into the freeze-dryer and the freezer cycle was started down to 
-20**C. The f reeze-drying took place until the final desorption 
temperature of 25*^0 to 30 'C was reached. The product contained a 
14 % water content. The resulting product was composed of 2 
strongly adhering layers and waseasy to cut and package. The 
product had the following characteristics: 


Product II: 

First layer: 

Collagen: 8.55 mg/cm^ 

Dimensions: 10 x 10 cm 

Thickness: 0.6 cm 


Second layer: 

Collagen: 1-7 mg/cm^ 

Thrombin: 50 lU/cm^ 

Dimensions: 10 x 10 cm 

Thickness: 0.2 cm 

A superimposed layer of fibrinogen combined with a low concen- 
tration of collagen was prepared as follows: 20 ml of 0.25 % 
collagen gel obtained according to example 1 was mixed with 6.5 
ml of 80 mg/ml fibrinogen solution (HUMAN FIBRINOGEN, IMMUNO AG) 
at 4**C. The mixture was poured uniformly on the top of the 
frozen collagen-thrombin sheet, which was provided in a tray, 
previously frozen at -5"C. The tray was transferred into the 
freezer compartment of a freeze-dryer and the freezer cycle was 
started down to -20'C. The final desorption temperature was 20"C 
to 30 'C, the final water content was about 15 %- The resulting 
product was composed of 3 strongly adhearing layers and was easy 
to cut and package. The product had the following 
characteristics : 


Product III: 
First layer: 
Collagen: 
Dimensions: 
Thickness: 


8-55 mg/cm^ 
10 X 10 cm 
0.6 cm 
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Second layer: 

Collagen: 1,7 mg/cm^ 

Thrombin: 50 lU/cm^ 

Dimensions: 10 x 10 cm 

Thickness: * 0.2 cm 

Third layer: 

Collagen: 1.7 mg/cm^ 

Fibrinogen: 10 mg/cro^ 

Dimensions: 10 x 10 cm 

Thickness : 0 . 2 cm 

This manufacturing process can be used for manufacturing a 
compress sponge composed of a variety of collageneous layers, 
the order of the layers can be changed according to the desired 
degree of effectiveness. Using this process products with the 
following characteristics were obtained: 

A mixture of 20 ml of 0.25 % collagen gel and 5 ml of 1000 lU/ml 
thrombin solution and 1 ml of 40 M calcium chloride solution was 
stirred at 4*'C and a frozen collagen layer was prepared as 
described above. The freezer cycle was started down to -5°C for 
1 hour. The next layer was prepared as described above using 20 
ml of 0.25 % collagen gel, whereby the freezer cycle was 
maintained down to -5*C. A further layer was prepared using 20 
ml of 0.25 % collagen gel in a mixture with 6.5 ml of the 80 
mg/ml fibrinogen solution. During f reeze-drying a final 
desorption temperature of 20 'C to 30**C wa sobtained. The product 
had the following characteristics. 

Product IV: 

First layer: 

Collagen: 1.77 mg/cm^ 

Thrombin: 50 lU/cm^ 

Dimensions: 10 x 10 cm 

Thickness: 0.2 cm 

CaCl^: 1 ml of a 40 mmol/1 solution 
Second layer: 

Collagen: 1.7 mg/cm^ 
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Dimensions: 
Thickness: 

Third layer: 
Collagen: 
Fibrinogen: 
Dimensions : 
Thickness: 


10 X 10 cm 
0.2 cm 

1.7 mg/cm^ 
10 mg/cm^ 
10 X 10 cm 
0,2 cm 


Example 4: Application of the sponge in the pig model and 

comparison to the commercially available product 
(TachoComb® } 

Using a liver resection model in heparinized pigs a comparison 
was made between product 1, obtained according to example 2, a 
collagen product without a thrombin content and TachoComb* 
( Nycomed ) . 

When the collagen product was used, there was no hemostasis 
leading to bleeding to death. There was no hemostasis either 
when TachoComb® was used. Discontinuation of the resection 
surface was observed, whereby rebleeding started and the pigs 
bled to death. 

When product I was used hemostasis was complete within 5 
minutes. The pigs were postoperatively observed for 3 days. 
Thereafter they were sacrificed. Upon autopsy there was no blood 
found in the abdominal cavity- 
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Claims : 

1. Hemostatic sponge based on collagen and an activator or 
proactivator of blood coagulation homogeneously distributed 
therein, which is dried and contains a water content of at least 
2%, preferably in the range of 2 to 25%, more preferred 10 to 
20%. 

2. Sponge according to claim 1, wherein the sponge is freeze- 
dried or air-dried - 

3. Sponge according to claim 1 or 2, characterized by a pH in 
the range of 6 to 8. 

4. Sponge according to any of claims 1 to 3, wherein said 
activator or proactivator of blood coagulation is selected from 
the group consisting of thrombin, prothrombin, activated factor 
X, activated prothrombin complex, FEIBA, calcium ions and 
mixtures thereof. 

5. Sponge according to any of claims 1 to 4, characterized by a 
thickness of at least 3 mm, preferably at least 5 mm up to 10 
mm • 

6. Sponge according to any of claims 1 to 5, characterized by a 
content of activator or proactivator of 1000 - 10.000, 
preferably 5000 - 8000 U/ thrombin equivalents per g. 

7. Sponge according to any of claims 1 to 6, which further 
comprises a thrombin stabilizer, preferably selected from the 
group Consisting of a polyol, a polysaccharide, a polyalkylene 
glycol, amino acids or mixtures thereof, 

8. Sponge according to any of claims 1 to 7, which further 
comprises a substance which stabilizes the water content, 
preferably such as polysaccharides or polyols. 

9. Sponge according to any of claims 1 to 8, which further 
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comprises a pharmacologically active substance, such as a 
preservative, an anti fibrinolytic, antibiotic, such as an 
antibacterial or an antiraycotic, a growth factor, an. enzyme or 
an enzyme inhibitor. 

10. Wound coverage which contains a sponge according to any of 
claims 1 to 9, and a further layer, which is preferably also 
hemostatic and adherent to said sponge. 

11. Wound coverage according to claim 10, wherein the further 
layer consists essentially of collagen. 

12. Wound coverage according to claim 10, wherein the further 
layer contains fibrinogen, preferably in a mixture with 
collagen. 

13. Kit for preparing a wound coverage, comprising 

a) a sponge according to any of claims 1 to 9 and 

b) fibrinogen, preferably in a storage stable form and 
optionally 

c) a pharmacologically active substance. 

14. Method for producing a sponge according to any of claims 1 
to 9, by acidifying a collagenous raw material to obtain a 
collagen gel, mixing the gel with an activator or proactivator 
of blood coagulation to obtain a homogenous mixture and drying, 
preferably by lyophilizing or air-drying, said mixture to a 
water content of at least 2%, preferably in the range of 2 to 
25%, more preferred 10 to 20%, 

15. Method according to claim 14, wherein the gel or the mixture 
is neutralized by adding an alkali solution such as NaOH or 
CaCOH)^. 

16. Method according to claim 14 or 15, wherein the mixture is 
lyophilized to obtain a dry sponge, which is then moisturized. 

17. Method according to any of claims 14 to 16, wherein the 
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mixt:ure is lyophilized in the presence of a substance^ which 
retains the water content. 

18. Method according to any of claims 14 to 17, wherein the 
mixture is lyophilized in a definite shape. 

19. Method according to any of claims 14 to 18, wherein further 
substances are added to the mixture, such as a thrombin 
stabilizer or a physiologically active substance. 

20. Method according to any of claims 14 to 19, wherein the 
collageneous raw material, such as collagen powder, the gel in a 
solid form and/or the sponge is sterilized by irradiation. 

21. Method according to any of claims 14 to 20, wherein the 
further layer is combined to the sponge by sequential or co- 
freezing, by lyophilization, by cross-linking and glueing. 
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